Objectives: Human-generated climate change is causing adverse health effects through multiple direct pathways (e.g. heatwaves, sea-level rise, storm frequency and intensity) and indirect pathways (e.g. food and water insecurity, social instability). Although the health system has a key role to play in addressing these health effects, so too do those professions tasked with the development of the built environment (urban and regional planners, urban designers, landscapers and architects), through improvements to buildings, streets, neighbourhoods, suburbs and cities. This article reports on the ways in which urban planning and design, and architectural interventions, can address the health effects of climate change; and the scope of climate change adaptation and mitigation approaches being implemented by the built environment professions.
role to play in addressing the health effects of human-generated climate change • Built environment climate change adaptation interventions can contribute to improving human health • Built environment mitigation interventions address the interconnectedness of human health and planetary health through a 'cobenefits' framework • Interventions must transition the ethics of the built environment beyond sustainability to improving human and planetary health, but this is not without challenges
Introduction
Less than a decade ago, health was recognised as a "serious blind spot" in climate change discussions. 1 In recent years, a growing field of research and interventions have emerged, driven by the recognition that climate change poses an "unacceptably high and potentially catastrophic risk to … health", and that "tackling climate change could be the greatest … health opportunity of the 21st century". 2 Although health professionals are fundamental for tackling the health implications of climate change, those professions responsible for the development of the built environment -urban and regional planners, urban designers, landscapers and architects -also have a critical role to play in addressing these challenges. 3 Indeed, with their focus on design and planning, built environment professionals are in a unique position to influence both the direct pathways (including heatwaves, sea-level rise, extreme weather events and water shortages) and indirect pathways (food and water insecurity, changing patterns of disease, raised levels of pollution, increased social instability and mental ill health) through which climate change affects health.
Historically, built environment professions have had a crucial role in improving physical and mental health. 4, 5 Their recent interest in the development of adaptations and mitigations to address links between climate change and health builds, in part, on their long-standing focus on shaping buildings and cities to mitigate human greenhouse gas (GHG) emissions that contribute to climate change. 6 In this article, we reflect on the future scope of built environment adaptations and mitigations and their connections to the ways in which urban planning, urban design and architectural practices are addressing the health effects of climate change. Our reflections draw on the findings of a recent review of existing health and planning literature. 7 This combined systematic and narrative review of existing health and built environment journals was undertaken between January and July 2018 by the authors of this paper. The review was undertaken as part of the Healthy Higher Density Living research project and it examined how human and planetary health have been understood in the planning literature to date. It also looked at how these understandings have shaped the development of existing and envisioned planning strategies that are responsive to health impacts associated with human-generated climate change.
In this article, we first explore the ways in which 'adaptation' and 'mitigation' relate to the notion of human and planetary health. We then outline the broad scope of adaptation and mitigation interventions being envisioned, and in some instances actioned, by built environment professionals according to the existing body of scholarly literature. We also highlight the ethical transition within built environment practices demanded by an increased awareness of the built environment's role in promoting health for humans and the planet, and outline the implementation challenges faced by such developments.
Adaptation, mitigation and health
Climate change adaptations implemented by built environment professionals focus predominantly on protection of human health from the effects of climate change. In contrast, mitigations address climate change by embracing a deeper understanding of the interconnectedness of human health and wellbeing, and the health of the natural systems on which we all depend (see Figure 1 ). We define adaptation as managing the unavoidable consequences of climate change, and mitigation as measures that seek to avoid further unmanageable impacts.
health and wellbeing and the health of the ecosystem on which it depends. In the final section, we highlight the ethical transition that these approaches demand of built environment professions.
Lessons learnt: Built environment interventions must move beyond simple ecological sustainability to encouraging ways of life that are healthy for both humans and the planet. There are key challenges facing this new approach. Both adaptation and mitigation approaches are considered necessarily complementary among built environment professionals. Adaptation measures are implemented in response to the immediate consequences of climate change and to help reduce the adverse effects of these on human health and wellbeing. Meanwhile, mitigation measures are understood as fundamentally important to alleviate the longer-term health effects of climate change on the health of humans and natural systems. 3 Climate change adaptation focuses on adjusting the built environment, and the community's way of life, to reduce climate change threats to human health and wellbeing from adverse effects such as air pollution, the spread of disease vectors, food insecurity and undernutrition, displacement and mental ill health. Examples of built environment adaptation interventions mentioned in the existing literature are shown in Box 1.
Box 1. Examples of built environment adaptation interventions
• Increased greening and blueing (creating more water bodies) in urban spaces and adapting building codes (e.g. better insulation) to reduce heat-related mortality and stress from extreme heat events and urban heat-island effects 8 • Settlement planning and building codes that use forward-looking climate projections to reduce morbidity and mortality from extreme weather events 9
• Local air pollution management (e.g. car-free days) to reduce respiratory illnesses amplified by extreme weather and temperature variation 10 • Land and water pollution management and remediation (e.g. installation of home water filters) to reduce morbidity and mortality from contaminants caused by sea-level rises and temperature changes
• Adapting land-use planning and building codes to changes in vector-borne infectious diseases caused by temperature changes resulting from climate change 11 • Agricultural planning to reduce malnutrition by moving or changing crop production to promote food security from extreme weather events and temperature variation 12 • Settlement planning that decreases social unrest through adapting to sea-level rises.
In contrast to the adaptation focus on human health and wellbeing, mitigation is increasingly understood as approaching health through a 'co-benefits' approach: a more systematic understanding of the benefits of mitigation to both natural ecological systems and human health and wellbeing (with a sustainability framework used as a starting point for analysis). 13 The co-benefits approach recognises that the built environments can promote low-carbon ways of living that benefit the health of the natural environment through the reduction of human-generated GHG emissions. At the same time, applying a co-benefits approach has the potential to generate human health benefits.
Mitigation practices can influence the development of the built environment to reduce the sources of the GHGs that contribute to climate change, or improve the sinks that naturally remove them from the atmosphere. It is increasingly recognised that these GHG mitigation activities benefit both the natural system 13,14 and human wellbeing. For example, promoting active transport by providing bicycle paths, walking tracks and public transport within urban areas has the potential to reduce GHG emissions. Also, active transport use has the potential to help improve mental health, human flourishing and happiness, and reduce rates of noncommunicable diseases such as obesity and diabetes which are increasingly associated with sedentary urban lifestyles. 15 Box 2 presents examples of built environment mitigation interventions, highlighting some of their co-benefits to human and planetary health.
Box 2. Examples of built environment mitigation interventions
• Integrated transport planning that encourages active lifestyles, and public transport that uses less fuel and produces lower carbon dioxide emissions; cobenefits to human health include reduced rates of obesity, diabetes and cardiovascular diseases
• Land-use zoning and urban design that intensifies urban forests and blue spaces within cities to accelerate the removal of GHGs from the atmosphere through increasing carbon dioxide sinks; co-benefits to human health include reduced heat-related mortality and stress, and maintenance of mental health
• Urban design and building codes that reduce energy demands, water use and GHG emissions (e.g. zero net energy developments); co-benefits to human health include reduced morbidity, mortality and stress from heat events and extreme weather events
• Social planning and agricultural planning that promote shifting human diets away from livestock consumption towards plant consumption to mitigate GHG emissions and promote food security; cobenefits to human health include reduced rates of undernutrition and increased social stability
• Promotion of decentralised, renewable and efficient energy generation (e.g. wind energy, direct solar, bioenergy, hydropower) to mitigate GHG emissions and increase stability of power supply; co-benefits to human health include increased social stability and reduced morbidity and mortality from the reduction of the health impacts that stem from the environmental effects associated with increasing GHG emissions/concentrations.
checklists to improve health outcomes rather than taking a long-term collaborative approach
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• There is a need for improved decision making support tools to inform planning professionals about how to integrate health outcomes in decision making
• A disconnection between access to data and processing capacity limits can lead to maladaptation
• Increased attention needs to be given to understanding variation in the vulnerability of the health of human populations, and parts of the natural ecosystem, to climate change 20
• Although adaptation and mitigation can occur at multiple scales, further research is required to explore how it can best be undertaken in high-density urban developments.
Conclusion
Health effects from human-generated climate change present significant challenges for built environment professionals. However, this challenge also presents exciting opportunities for new planning interventions that transition built environment ethics towards improving both human and planetary health. Present interactions between health professionals and built environment professionals remain largely limited to implementing checklists designed to improve health outcomes. This can be in the assessment of development applications or other strategic planning episodes (e.g. New South Wales Government, Healthy Urban Development checklist 21 ). There is therefore ample opportunity for collaborative projects that encourage greater cohesion and collective learning between health professionals and built environment professionals. This will improve the quality of developments in adaptation and mitigation interventions for improving future health outcomes.
